Unraveling the evolution and regulation of the alternative oxidase gene family in plants.
Alternative oxidase (AOX) is a diiron carboxylate protein present in all plants examined to date that couples the oxidation of ubiquinol with the reduction of oxygen to water. The predominant structure of AOX genes is four exons interrupted by three introns. In this study, by analyzing the genomic sequences of genes from different plant species, we deduced that intron/exon loss/gain and deletion of fragments are the major mechanisms responsible for the generation and evolution of AOX paralogous genes. Integrating gene duplication and structural information with expression profiles for various AOXs revealed that tandem duplication/block duplication contributed greatly to the generation and maintenance of the AOX gene family. Notably, the expression profiles based on public microarray database showed highly diverse expression patterns among AOX members in different developmental stages and tissues and that both orthologous and paralogous genes did not have the same expression profiles due to their divergence in regulatory regions. Comparative analysis of genes in six plant species under various perturbations indicated a large number of protein kinases, transcription factors and antioxidant enzymes are co-expressed with AOX. Of these, four sets of transcription factors--WRKY, NAC, bZIP and MYB--are likely involved in the regulating the differential responses of AOX1 genes to specific stresses. Furthermore, divergence of AOX1 and AOX2 subfamilies in regulation might be the main reason for their differential stress responses.